Objective: Our objective in this study was to determine the relationship between irisin hormone, which has a similar effect with thyroid hormones on adipose tissue and the metabolism, and the thyroid functions and the obesity secondary to thyroid disease. Subjects and methods: Seventy--four patients were included in the study, of the patients, 37 were newly diagnosed with Hashimoto's thyroiditis related hypothyroidism but not started on a treatment yet, and the remaining 37 were healthy volunteers without a known disease. Serum thyroid stimulating hormone (TSH), free thyroxin (fT4), anti-thyroglobulin and anti-thyroid peroxidase were measured and thyroid ultrasonography was performed in both groups. Serum irisin levels were measured using the commercially available ELISA kit. Results: The hypothyroidism group had higher levels of irisin compared to the control group (2.77 ng/mL vs. 2.15 ng/mL respectively; p = 0.017). The hypothyroidism group had higher median levels of irisin in the obese patients than those in the control group (3.10 ng/mL vs. 2.10 ng/mL respectively; p = 0.013). Irisin level was negatively correlated with age in the whole population and patients with hypothyroidism (r = -0.255, p = 0.028; r = -0.346, p = 0.036 respectively). Irisin level was positively correlated with TSH (r = 0.247, p = 0.034) but negatively correlated with the fT4 (r = -0.316, p = 0.006) in the whole population. Obesity, fT4 and irisin levels were identified to be independent predictors in the diagnosis of hypothyroidism in the multivariable logistic regression analysis. Conclusion: To the best of our knowledge, this study is the first in literature to identify that obesity, irisin level and fT4 level are independent risk factors for hypothyroidism. Arch Endocrinol Metab. 2016;60(2):95-100
INTRODUCTION

H
ashimoto's thyroiditis (HT) is characterized by the destruction of thyroid follicular cells at different levels that results in the formation of thyroid autoantibodies and development of hypothyroidism. HT is the most common cause of the overt and subclinical hypothyroidism in clinics (1) . In the overt hypothyroidism phase, many metabolic processes in the body, such as differentiation in the adipose tissue, are affected as a result of inadequate synthesis of thyroid hormones. Increased thyroid stimulating hormone (TSH) causes adipogenesis by stimulating preadiposite differentiation directly through the receptors in the adipose tissue (2) . Fatty tissue is increased by adipocyte hypertrophy, which is a result of previous adipogenesis, and newly formed adipocyte hypertrophy (3) , which results in clinical obesity. This mechanism is not the only explanation for the relationship between thyroid hormones and obesity.
Hormones synthesized in other endocrine organs are also known to have effects on the adipose tissue (4) .
Recently, the relationship of irisin hormone, discovered by Boström and cols. in 2012 (5) , with obesity and other hormones has often been a subject of study (6, 7) . Irisin is secreted as a product of fibronectin type III domain containing 5 (FNDC5) in the human and mice skeletal muscle. FNDC5 is secreted by peroxisome proliferator-activated receptor γ (PPARγ) coactivator 1α (PGC1-α) after an exercise (8) . Irisin can be synthesized in many tissues other than skeletal muscle (9) and replaces the white fatty tissue with brown fatty tissue, resulting in thermogenesis and energy consumption. FNDC5, which is the precursor of irisin was shown to be present in many tissues, including the thyroid tissue (10) . Although its relationship with many diseases, such as type 2 diabetes mellitus, metabolic syndrome, insulin resistance, chronic renal disease, and anorexia nervosa has been investigated, its association with the thyroid functions tests (TFT) in HT patients with hypothyroidism remains unknown.
Our objective in this study was to determine the relationship between irisin hormone, which has a similar effect with thyroid hormones on adipose tissue and the metabolism, and the thyroid functions and the obesity secondary to thyroid disease.
SUBJECTS AND METHODS
This study was conducted at Internal Medicine Clinic of Ankara Numune Training and Research Hospital between February 2014 and June 2014. The study was in compliance with the Declaration of Helsinki and was approved by the Local Ethics Research Committee. All subjects provided their written informed consent prior to participating in the study.
A total of seventy-four patients were included in the study, who were over the age of 18 years. Of the patients, 37 were newly diagnosed with HT dependent hypothyroidism but not started on a treatment yet, and the remaining 37 were healthy volunteers without a known disease. The exclusion criteria included hypertension, dyslipidemia (low density lipoprotein (LDL) cholesterol > 130 mg/dL, triglycerides (TG) > 150 g/dL), diabetes mellitus, acute-chronic renal disease, nephritic-range proteinuria, coronary heart disease, heart failure, peripheral artery disease, cerebrovascular event, malignancy, liver diseases, rheumatic diseases, alcohol intake, and smoking.
Hashimoto's thyroiditis was diagnosed by high levels of anti-thyroglobulin (anti-TG) and/or anti-thyroid peroxidase (anti-TPO) in serum and/or the presence of heterogeneous echogenicity in the thyroid parenchyma shown by thyroid ultrasonography (USG). Hypothyroidism was diagnosed by high levels of TSH (normal range: 0.5-4 µIU/mL) and low levels of free thyroxin (fT4) (normal range: 0.9-1.7 ng/dL). Serum TSH, fT4, anti-TG, and anti-TPO levels of those in the control group were measured and HT was excluded by thyroid USG.
Two blood pressure measurements were done 5 minutes apart after 5 minutes of rest for each participant during outpatient clinic visits. Blood pressure was determined by calculating the average of 2 mesaurements. Omron M3 (Omron Healthcare Co. Ltd. Japan) digital automatic blood pressure monitor calibrated according to European Society of Hypertension International Protocol 2002 ve 2010 was used for the measurements.
Following an 8-hour fasting, blood samples were obtained in the morning for biochemical parameters. Samples were quickly centrifuged at 4000 rpm for 10 minutes to separate the plasma and serum, and the serum samples were kept at -80° C. Following this, all parameters were studied in the same serum sample.
Thyroid function tests were analyzed at the hormone laboratory using Electro-chemiluminescence immunoassay. Total cholesterol and TG levels were measured through enzymatic colorimetric method; and the high density lipoprotein cholesterol (HDL-C) was measured by homogenous enzymatic colorimetric method using Hitachi Modular P800 (Roche Diagnostics Corp. Indiana, USA) auto-analyzer. Low density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald method (11) .
Serum irisin levels were measured using the commercially available ELISA kit (EASTBIOPHARM, Hangzhou Eastbiopharm Co. Ltd. China, REF: CK-E90905, LOT: 201402). The measurement range was 0.5-30 ng/mL.
Statistical analyses
Statistical Package for Social Sciences (SPSS) for Windows 20 (IBM SPSS Inc., Chicago, IL) program was used for the statistical analysis. Kolmogorov-Smirnov test was used to determine data with normal distribution. Numeric variables with normal distribution were expressed in mean ± standard deviation, and numeric variables without normal distribution were expressed in median. Categorical variables were presented in figures and percentage. Spearman correlation analysis was performed for the correlation between the numeric parameters. T test (for numeric variables with normal distribution) and Mann Whitney U Test (for numeric variables without normal distribution) were used to identify the risk factors, which differed in two groups, in independent samples. Chi-Squara Test and Fisher's Final Chi-Square Test were used to compare the categorical data. Multivariable logistic regression analysis was used to identify the independent predictors that have an effect on the presence of hypothyroidism. p < 0.05 value was considered significant in statistical analyses.
RESULTS
A total of 74 patients were included in the study, 37 patients with hypothyroidism (4 males, 33 females, mean age: 32.27 ± 8.7 years) and 37 volunteers (1 male, 36 females, mean age: 34.76 ± 11.9 years) for the healthy control group. Both groups had similar demographical characteristics such as age, gender, and BMI (Table 1) . Systolic blood pressure (127.38 ± 9.7 mmHg vs. 120.22 ± 11.2 mmHg, respectively, p = 0.004), diastolic blood pressure (65.97 ± 8.5 mmHg vs. 60.0 ± 9.7 mmHg, respectively; p = 0.006), and the proportion of obese patients (40.5% vs. 16.2% respectively; p = 0.038) were found to be significantly higher in the patient group compared to the control group as shown in table 1.
Hypothyroidism group had higher levels of irisin compared to the control group (2.77 ng/mL vs. 2.15 ng/mL respectively; p = 0.017). Hypothyroidism group had higher median levels of irisin in obese patients than those in the control group (3.10 ng/mL vs. 2.10 ng/mL relatively; p = 0.013) (Figure 1 ). In addition, male patients had higher median levels of irisin compared to females (5.84 ng/mL vs. 2.46 ng/mL; p = 0.008). Irisin level was negatively correlated with the age in the whole population and in hypothyroidism group (r = -0.255, p = 0.028; r = -0.346, p = 0.036 respectively). Irisin level was positively correlated with TSH (r = 0.247, p = 0.034) but negatively correlated with fT4 (r = -0.316, p = 0.006) in the whole population. No correlation was found between other laboratory findings and irisin level in the whole population or in hypothyroidism group (Table 2) .
Increased systolic and diastolic blood pressures, obesity, high level of TSH, low level of fT4, anti-TG, anti-TPO, and increased levels of irisin alone were independent risk factors for hypothyroidism. Obesity, fT4 and irisin level were identified to be independent predictors of hypothyroidism in the model including risk factors that were found to be significant in the univariable logistic regression analysis.
We observed that obesity increased the risk for hypothyroidism by 4.420 times and increased irisin levels increased the risk for hypothyroidism by 1.114 times when the other risk factors were kept constant ( Table 3 ).
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DISCUSSION
We found that serum irisin levels were higher in the hypothyroidism group compared to control group in our study. Similarly, serum irisin levels of obese patients in the hypothyroidism group was detected to be higher compared to the obese patients in the healthy control group. In addition, we observed that serum irisin level was increased in correlation with increased severity of hypothyroidism (with increased TSH and decreased fT4). To the best of our knowledge, this study is the first to investigate the relationship between the serum irisin level and TFT in HT patients with hypothyroidism.
Many recent studies have focused on the relationship of obesity to the hormones synthesized in the central nervous system or by peripheral endocrine organs (7) . Some hormones cause an increase in the mass of fatty tissue by stimulating adipogenesis with a direct effect on adipose tissue while the others act on the central nervous system, causing an energy intake higher than consumed, and hence obesity (8) .
Irisin is a hormone that was discovered a few years ago and known to replace the white adipose tissue with brown adipose tissue, showing an anti-obesity effect (12, 13) . It shows its effect in autocrine and paracrine manner similarly to other locally synthesized hormones (14) . Another current review has underlined that irisin and similar hormones with local effects function without losing their contact with central endocrine organs (e.g., pancreas, thyroid) (8) .
Irisin level was identified to be high in insulin resistance (15) , metabolic syndrome (16) , and obesity and to be low in anorexia nervosa (6) , chronic renal failure (17) , and type 2 diabetes mellitus (18) .
Two different studies conducted with different objectives on a study group without any thyroid disease investigated the relationship between irisin levels and TFT. Stengel and cols. investigated the relationship between irisin levels and TFT in their study in patients with obesity and anorexia nervosa, and the relationship between TFT and irisin was not statistically significant in either of the groups (6). Gouni-Berthold and cols. also examined the relationship between irisin levels and TFT on 72 male patients, who used lipid-lowering medicine, and found no statistically significant relationship either in the groups or in the whole population (19) . The results of their study are in consistence with our results since their study was performed with patients without euthyroid or another documented thyroid disease.
In our study, patients with hypothyroidism and obese hypothyroidism had higher levels of irisin compared to the healthy control group. There was a positive correlation between serum irisin levels and TSH while a negative correlation was found between irisin levels and fT4.
Results of our study can be deemed to be very consistent considering the apparent pathogenic mechanisms. TSH level, which is increased in hypothyroidism, causes the differentiation of preadiposites through the receptors in the preadipose tissue and induces adipogenesis. Previously formed adiposites become hypertrophic with adipogenesis and the newly formed adiposities undergo hyperplasy, resulting in increased adipose tissue. Hormones such as leptine, ghrelin, NUCB2/nesfatin--1and irisin can be synthesized in order to keep the fat distribution in balance in the increased white adipose tissue (20) . In such case, irisin levels can be found to be high with increasing TSH levels.
Another perspective can be the fact that FNDC5, which is found in the thyroid tissue and a precursor of irisin (10) , is destructed by chronic inflammation of thyroid follicular in HT and goes into the blood stream, resulting in increased levels of irisin.
We also observed in our study that irisin levels of males were higher compared to females, and irisin levels decreased with aging. This suggests that it might be associated with the total skeletal mass.
To the best of our knowledge, this study is the first in literature to identify that obesity, irisin level and fT4 level are independent risk factors for hypothyroidism.
The limitations of our study include the inadequate number of patients, low percentage of male participants, and unknown irisin levels of hypothyroidism patients with high levels of TSH after being treated with levothyroxine.
CONCLUSIONS
As a result, further studies investigating the relationship of irisin hormone, which has newly been discovered and relationship of which with other hormones remains unknown, with the central and peripheral endocrine organs are needed. We believe that if the anti-obesity effect of irisin can be fully elucidated, it would be a very important step for understanding the unknown mechanisms of obesity, the disease of the current age.
